SIM$(1)$--VSR Maxwell-Chern-Simons electrodynamics by Bufalo, R.
ar
X
iv
:1
60
4.
00
21
3v
1 
 [h
ep
-th
]  
1 A
pr
 20
16
SIM(1)–VSR Maxwell-Chern-Simons electrodynamics
R. Bufalo1∗
1 Instituto de Fı´sica Teo´rica (IFT), Universidade Estadual Paulista
Rua Dr. Bento Teobaldo Ferraz 271, Bloco II, 01140-070 Sa˜o Paulo, SP, Brazil
October 22, 2018
Abstract
In this paper we propose a very special relativity (VSR)-inspired generalization of the Maxwell-
Chern-Simons (MCS) electrodynamics. This proposal is based upon the construction of a proper
study of the SIM(1)–VSR gauge-symmetry. It is shown that the VSR nonlocal effects present a
significant and health departure from the usual MCS theory. The classical dynamics is analysed
in full detail, by studying the solution for the electric field and static energy for this configuration.
Afterwards, the interaction energy between opposite charges are derived and we show that the
VSR effects play an important part in obtaining a (novel) finite expression for the static potential.
Very special relativity; SIM(1) gauge-symmetry; Maxwell-Chern-Simons theory; Classical solutions
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1 Introduction
In recent years we have been scrutinizing Planck scale Physics through many theories, proposals,
ideas, etc, all this effort expended in order to improve our understanding of the Nature behaviour at
shortest distances (as well as in the beginning our Universe [1]). In particular, it is widely aimed by
these proposals achieve a better description of a quantum theory of gravity, or at least to make contact
with the phenomenology of quantum gravity and hence gain insights about the fundamental structure
of space and time at Planck scale.
Within the class of theories to describe Planck scale Physics, at the quantum realm, we can cite
String theory and loop quantum gravity as those most prominent candidates up-to-date. Our main
interest is to put at the same level a steady description of both quantum mechanics and general rel-
ativity. An interesting outcome of these proposals is the presence of a minimal measurable length
scale [2], this can be incorporate at the quantum theory by the so-called Generalized Uncertainty Prin-
ciple [3–5]. Another consequence of known theories of quantum gravity is the breaking of (some)
symmetry groups. In particular, a well known scrutinized consequence is the violation of the under-
lying Lorentz symmetry [6,7], since a definitive description of the space-time is expected not to be in
terms of a classical smooth geometry.
Among the broad class of attempts trying to encompass and describe consistently Lorentz violat-
ing effects [8–11], we shall focus in exploring features of very special relativity (VSR) [12,13] in this
paper. The cornerstone from this proposal is that the laws of physics are not invariant under the whole
Poincare´ group but rather are invariant under subgroups of the Poincare´ group preserving the basic
elements of special relativity, but at the same time enhancing the Lorentz algebra by modifying the
dynamics of particles. For instance, conservation laws and the usual relativistic dispersion relation,
E2 = p2 +M2 for a particle of mass M, etc, are preserved in this case.
In particular, within this proposal, one can use in the realization of VSR the representations of
the full Lorentz group but supplemented by a Lorentz-violating factor, such that the symmetry of the
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Lagrangian is then reduced to one of the VSR subgroups of the Lorentz group. These effects can then
be encoded in the form Lorentz-violating terms in the Lagrangian that are necessarily nonlocal. As
an example, one can observe that a VSR-covariant Dirac equation has the form(
iγµ ˜∂µ −m
)
Ψ(x) = 0, (1.1)
where the wiggle operator is defined such as ˜∂µ = ∂µ + 12 σ
2
n.∂ nµ , with the chosen preferred null direc-
tion nµ = (1,0,0,1) so that it transforms multiplicatively under a VSR transformation. Next, we can
square the VSR-covariant Dirac equation, and we find
(
∂ µ ∂µ +M 2
)
Ψ(x) = 0, M 2 = M2 +σ 2. (1.2)
We thus immediately realize an interesting observable consequence of VSR that is to provide a novel
mechanism for introducing neutrino masses without the need for new particles [13]. Moreover, the
VSR parameter σ sets the scale for the VSR effects. Among the most interesting analysis involving
VSR effects we can cite a realization of VSR via a lightlike noncommutative deformation of Poincare´
symmetry [14], studies on Dirac equation [15] and hydrogen atom [16], as well as gauge theories [17]
and curved spacetime field theories [18], gravitational and cosmological models [19, 20].
As it concerns our interest, VSR-effects have been discussed in the context of (3+1)-dims electro-
magnetic theories: Abelian and non-Abelian Maxwell theories [21–23], Chern-Simons theory [24,25]
and Born-Infeld electrodynamics [26]. By different reasons, we have seen recently a renewed inter-
est in studying Lorentz-violating modifications of the Maxwell-Chern-Simons theory [24,25,27,28].
Although of the interesting features obtained in those analysis, one may wonder what the (nonlo-
cal) VSR-effects may influence the behaviour of a lower-dimensional electromagnetic theory, for
instance in a (2+1)-dimensional spacetime [29], where we will work with the SIM(1) subgroup (of
the SO(2,1) Lorentz group) that preserve all the aforementioned conditions, in particular that a given
null-vector is preserved up to a rescaling. 1
It worth notice that different approaches have been used to consider mass effects in (2 + 1)-
dims generalized electrodynamic theories [30, 31]. It is well-known that the Maxwell-Chern-Simons
(MCS) electrodynamics describe a single massive gauge mode of helicity±1, the so-called Topologi-
cally massive electrodynamics [32]. Hence, we expect that the VSR setting will not modify Maxwell-
Chern-Simons theory only by adding ’massive’ effects, 2 since a topological mass is already present,
but rather that the VSR-effects will be prominent in changing the theory’s dynamics in a significant
and novel manner.
In this letter we will examine the Maxwell-Chern-Simons electrodynamics in a VSR setting. We
start Sec.2 by reviewing the fundamental aspects from the SIM(1)–VSR gauge invariance, which
allow us to determine the VSR-modified Abelian field strength to be used in our analysis. In Sec.3,
1A detailed account of the SIM(1) subgroup can be found in Ref. [23]
2Notice however that although VSR engender a nonzero mass, it preserves the number of polarization states [21].
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we define our SIM(1)–VSR Maxwell-Chern-Simons theory. Afterwards, we determine the dispersion
relation and discuss the electrostatic solution for the equations of motion in the presence of a pointlike
charge. In addition, we compute the field energy and gauge-invariant potential between two opposite
charges. Along the analysis we will comment at pertinent points the differences obtained by VSR
deformations in view of the usual MCS theory. In Sec.4 we summarize the results, and present our
final remarks.
2 SIM(1) gauge symmetry overview
Let us start by discussing the SIM(1) VSR gauge invariance [21, 22]. An important remark to
bear is that although the VSR subgroups do not admit invariant tensors, they select a preferred null
direction. For this matter, the first point in order to develop the gauge invariance is to realize that the
gauge transformation of a gauge field in VSR is modified so that
δAµ = ˜∂µ Λ, (2.1)
where the wiggle operator is defined such as ˜∂µ = ∂µ + 12 σ
2
n.∂ nµ , but now with the chosen preferred
null direction given as nµ = (1,0,1) and multiplicatively covariant under the SIM(1) subgroup of the
(2+1)-dims Lorentz group [23].
Next, let us consider a charged scalar field ϕ with an infinitesimal gauge transformation given
as usual by δϕ = iΛϕ . Moreover, we know that in general a covariant derivative must satisfy the
transformation property
δ
(
Dµϕ
)
= iΛ
(
Dµϕ
)
. (2.2)
Hence, it can be showed that the covariant operator defined as the following
Dµϕ = ∂µ ϕ− iAµϕ + iσ
2
2
nµ
(
1
(n.∂ )2
(n.A)
)
ϕ (2.3)
satisfies the condition (2.2). Besides, in the same way as we have defined the wiggle operator ˜∂ from
the raw derivative ∂ , we can generalize the covariant derivative D to a wiggle operator
˜Dµ = Dµ +
1
2
σ 2
n.D
nµ (2.4)
so that it reduces to the operator ˜∂ when the limit Aµ = 0 is taken.
Hence, with the above definitions the field strength associated to the operator Dµ can be computed
as usual by the following quantity
[
Dµ ,Dν
]
ϕ =−iFµνϕ . This can be shown to result into
Fµν = ∂µ Aν +
σ 2
2
nµ
(
1
(n.∂ )2
∂ν (n.A)
)
−µ ↔ ν (2.5)
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This field strength can be seen as the raw definition of the Aµ gauge field strength. However, one can
easily realize that this field-strength does not coincide with the SIM(1) wiggle operator
˜Fµν = ˜∂µ Aν − ˜∂νAµ (2.6)
On one hand, the wiggle definition ˜Fµν is gauge invariant and it will be used to describe massive
gauge fields. Now, on the other hand, we can realize that the difference between the raw and wiggle
field-strength must be gauge invariant as well, so that we can write the following expression for wiggle
field strength
˜Fµν = Fµν +
σ 2
2
1
(n.∂ )2
(
nνn
λ Fµλ −nµ nλ Fνλ
)
(2.7)
Some remarks are now in place. By means of illustration, in showing how to describe massive
gauge fields, let us consider a VSR modified Maxwell action,
S =
∫
dωx
[
−1
4
˜Fµν ˜Fµν
]
(2.8)
it is interesting to notice that this action can be augmented by further quadratic terms in A as well as by
gauge invariant coupling to matter fields [22]. In particular, this prescription also works to generates
mass for the matter fields. The field equations follow straightforwardly as
˜∂µ ˜Fµν = 0, (2.9)
now, by taking a VSR-type Lorenz gauge condition, ˜∂µAµ = 0, we find that
˜∂ 2Aµ =
(
∂ 2 +m2
)
Aµ = 0. (2.10)
With this discussion we see that a massive gauge field, defined in terms of the ordinary derivative,
can be described suitably in a gauge-invariant fashion when written in terms of the wiggle operator.
Moreover, this may be considered our starting point in defining our model of interest.
3 VSR Maxwell-Chern-Simons electrodynamics
Let us now characterize the model under consideration. Based on the points discussed above,
but taking into account a SIM(1) VSR setting and the wiggle field strength expression (2.7), we are
in a position to define the SIM(1)–VSR Maxwell-Chern-Simons electrodynamics by the following
Lagrangian density
L =−1
4
˜Fµν ˜Fµν +
m
4
εµνλ Aµ ˜Fνλ . (3.1)
The usual MCS theory, or topologically massive electrodynamics, describe a single massive gauge
mode of helicity ±1. We shall now explore the VSR setting in order to look for modification on the
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solutions of the MCS classical dynamics. Next, the equations of motion for the SIM(1) MCS theory
can be readily determined as
˜∂µ ˜Fµα +
m
2
εανλ ˜Fνλ = 0 (3.2)
In order to solve the above equations, it is convenient to introduce the dual field strength ˜Gµ , which is
a vector in three dimensions ˜Gµ = 12ε
µνλ
˜Fνλ . Moreover, it follows straightforwardly that the Bianchi
identity in this case is written as ∂µ ˜Gµ = 0. Hence, we see that the field equations (3.2) are now
written in the form [
εµνλ ˜∂µ +mηνλ
]
˜Gλ = 0 (3.3)
From this expression we can identify the (on-shell) projection operators [32]
[P(±m)]µν =
1
2
[
δ µν ∓
1
m
εµλν ˜∂λ
]
, (3.4)
it is easy to show that, as expected, they satisfy [P(±m)]2 = [P(±m)]. Actually, these operators
project onto the Poincare´ (irreducible) representations [32]. Hence, in terms of the dual field strength
˜Gµ , it finally follows the field equation (
∂ 2 +M2
)
˜Gµ = 0 (3.5)
where we have defined a new mass parameter M2 = m2 + σ 2. This shows, nonetheless, that the
dispersion relation for the gauge field is only slightly modified, since the dispersion relation ω =
±
√
p2 +M2 has the same form as the one obtained in the usual theory, being only shifted on the
mass parameter.
By means of discussion, let us now add a (electrostatic) source term A0J0 into the Lagrangian
(3.1). Thus, a new set of field equations now read
˜∂µ ˜Fµα +
m
2
εανλ ˜Fνλ = J0δ α0 . (3.6)
Hence, for the temporal component of (3.6), we find a modified Gauss’s law
˜∂i ˜E i +
m
2
˜B = J0 (3.7)
where we have defined the wiggle electric and magnetic fields such as ˜E i = ˜F i0 and ˜B = 12ε
i j
˜Fi j,
respectively. Besides, it follows that for α = i in (3.6), we have the relation
˜Ei =
1
m
˜∂i ˜B. (3.8)
Finally, we can use the relation (3.8) to rewrite (3.7) in the following form,
(−∇2 +M2) ˜B = mJ0. (3.9)
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In particular, we can consider a simple scenario in order to solve (3.9) (i.e. Eq.(3.7)), this can be
chosen by taking the current density for a pointlike charge J0 (t,r) = gδ (3) (r). Hence, one can easily
solve (3.9) to find
˜B(r) =
gm
2pi
K0 (Mr) . (3.10)
Finally, we can determine the electric field by replacing (3.10) back into (3.8)
˜E(r) =−gM
2pi
K1 (Mr)
(
˜∇r
)
. (3.11)
One can see that the wiggle derivative results into ˜∇r = rˆ− σ2nˆ2
(
1
∇y r
)
, where the unit vector is given
as nˆ = (0,1). Let us now concentrate in computing the nonlocal term of the above expression. This
can be worked out by means of the following representation
σ
∇y
r =
∫
∞
0
ds
(
∑
n=0
1
n!
(
−s∇y
σ
)n)√
x2 + y2 =
∫
∞
0
ds
√
x2 +
( s
σ
− y
)2
. (3.12)
Besides, the above derivative has been calculated by means of standard manipulations: One can make
use of Newton’s binominal to rewrite
√
x2 + y2 conveniently as ∑k
(
1
2
k
)(
x2
)1/2−k (y2)k, so that
we can compute the operation 1
n!
dn
dyn
(
y2
)k
=
(
2k
n
)
y2k−n. Finally, one can solve the integration in
(3.12) and find that
σ
∇y
r =
σ
2
[
yr− x2 ln(σ [r− y])]+ lim
ρ→∞ Λ(ρ) . (3.13)
We thus see in (3.13) that as a consequence of the nonlocality of the VSR-effects the distribution
Λ(ρ)≡ 12
[
−y
√
σ 2x2 +(σy−ρ)2 +σx2 ln
(
ρ−σy+
√
σ 2x2 +(σy−ρ)2
)]
is not regular, diverg-
ing as ρ →∞. Nonetheless, in the first term of (3.13), we have a finite and well-behaved contribution,
which we shall consider in our following analysis while disregarding the non-regular Λ(ρ) contribu-
tion. This approximation is valid since the finite part is sufficient to propagate VSR deviations.
Therefore, from the above discussion, we find that the wiggle electric field is then given by
∣∣ ˜E∣∣=−gM
2pi
K1 (Mr)
[
1− σ
2 (rˆ.nˆ)
4
[
yr− x2 ln(σ [r− y])]] . (3.14)
The complete expression for the electric field (3.14) can be rewritten in polar coordinates, so that
(rˆ.nˆ) = sinθ . Thus, we find that it now reads
∣∣ ˜E∣∣=−gM
2pi
K1 (Mr)
[
1− σ
2r2 sinθ
4
(
sinθ − cos2 θ ln [σr (1− sinθ)])] . (3.15)
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By means of illustration, let us consider a fixed angle θ = pi/2, so that we can examine the electric
field short distance behaviour. With these considerations, we find
∣∣ ˜E∣∣=−gM
2pi
K1 (Mr)
[
1− σ
2r2
4
]
≃− g
2pi
[
1
r
− σ
2
4
r
]
. (3.16)
Hence, we see that the electric field
∣∣ ˜E∣∣ at the SIM(1) MCS theory is still non-regular at the origin,
as r → 0, due to the usual MCS part. Nonetheless, it is worth of mention that the SIM(1)–VSR
contribution already gives a well-behaved and regular contribution. We will observe further this
positive consequence of VSR acting as a regulator of singular points when computing the interparticle
potential (see Sec.3.2).
3.1 Electrostatic energy
Is of our interest to proceed and compute the total amount of energy stored in the electrostatic
field of a pointlike charge, U =
∫
d2xT 00 . The energy-momentum tensor can be evaluated as usual
Tµν = 2√−g
δ (√−gL )
δgµν . However, notice that the Chern-Simons contribution,
∫
dxεµνλ Aµ ˜Fνλ , is al-
ready coordinate invariant [32], without additional metric factors; so that the CS mass term does
not contribute to Tµν (as expected from a topological term). Hence, we find in our case, that the
energy-momentum tensor is simply given as
T µν =− ˜Fµλ ˜Fνλ +
δ µν
4
˜Fσλ ˜Fσλ . (3.17)
So, in the electrostatic limit we find T 00 =
1
2
∣∣ ˜E∣∣2. Thus, by using the solution (3.15) we have that
U =
g2M2
8pi2
∫
rdr (K1 (Mr))2
∫ 2pi
0
dθ
[
1− σ
2r2 sinθ
4
[
sinθ − cos2 θ ln [σr (1− sinθ)]]]2 . (3.18)
The angular integration can be computed by means of standard results, so that we get
U =
g2M2
8pi
∫
r1−εdr (K1 (Mr))2
[
2− 23σ
2r2
+
σ 4r4
9216
(
469−60ln2+72(lnσr)2 +12(5−12ln2) lnσr
)]
(3.19)
where we have introduced into the numerator a r−ε factor, as ε → 0, so that we can compute the
radial integration exactly. A straightforward computation of the remaining integration results into the
following expression for the field energy
U =
g2
8pi
[
−2
ε
−
(
1+2γ +2ln M
2
)
− 4σ
2
9M2
+
σ 4
72000M4
(
6922+90γ (−21+10γ)−900(ln2)2 +90ln
(
M
σ
)(
−21+20γ +10ln
(
M
σ
)))]
.
(3.20)
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Figure 1: The solid and dashed lines correspond to the UV SR and UMCS contributions, respectively,
written in terms of the mass. Showing the mass range for both contributions for a positive energy.
We thus find a regularized divergence in the first term of the field energy (3.20); moreover, we
clearly see that this divergent term is inherent from the usual MCS theory (a similar fact is also
present in the Maxwell theory at (3+1)-dims.). So, in order to compare the field energy between the
MCS and SIM(1)–VSR MCS theories, we shall consider only the finite contribution from the energy
expression (3.20). First, for the VSR parameter σ = 0, we find the usual MCS (finite) contribution
UMCS =− g
2
8pi
[
1+2γ +2ln m
2
]
(3.21)
while, the SIM(1)–VSR (finite) contribution UVSR follows by taking m = 0 in (3.20), i.e. M = σ .
We can easily compute and find UMCS has one zero point in m = 0.681085, while UVSR has
one zero points in m1 = 0.567385. So the VSR-modified MCS contribution has a shorter range of
positivity than the usual MCS contribution. This is depicted in the Figure 1.
3.2 Static potential
In this last part of our analysis we will compute the VSR contribution for the static potential
energy V between pointlike sources. This study is well motivated since it is usually chosen to describe
bound states of particle-antiparticle pairs. Moreover, we will show that the VSR-effects can be chosen
conveniently so that the potential is well-behaved and regular. A suitable framework to compute the
potential is found to be in terms of physical gauge-invariant objects [33, 34]. Let us start by defining
the vector gauge-invariant field by
Aµ (x) = Aµ (x)−∂µ
∫
Cξ x
dzλ Aλ (z) , (3.22)
where the contour Cξx is chosen such as a spacelike path from the point ξ and x, on a fixed slice
time. Without loss of generality, we consider here a straight path zi = ξi + ζ (x−ξ )i parametrized
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by ζ (0 ≤ ζ ≤ 1); besides, we can take by simplicity the fixed (reference) point to be ξi = 0. This
construction for a gauge-invariant variable is, in fact, closely related to the Poincare´ gauge conditions
A0 ≈ 0 and
∫
C
dzλ Aλ ≈ 0.
Within our interest, we can work out the expression (3.22) under the above consideration, and
after some manipulation, we find that its temporal component reads [33]
A0 (t,r) =
∫ 1
0
dζ xiEi (t,ζ r) . (3.23)
A remark is now in place. On one hand, the interaction energy V of a quantum mechanical system
is usually computed by means of a perturbative analysis, i.e. 〈H〉Ω = 〈H〉0 +V , where the complete
Hamiltonian is obtained by a canonical analysis following Dirac’s procedure. Moreover, in this case
one have Dirac’s gauge-invariant fermion–antifermion physical state |Ω〉 ≡ ∣∣Ψ(0)Ψ(L)〉. On the
other hand, instead, we may equally consider the gauge-invariant field in (3.23) as to provide an
equivalent but rather simple framework to compute the expression for the potential V [34].
In particular, we can consider the scenario of a pair of static pointlike (opposite) charges, i.e.
J0 (t,r) = g
[
δ (3) (r)−δ (3) (r−L)
]
, where L = |~x−~y|. In this case, the potential is then defined as
V = g [A0 (0)−A0 (L)] (3.24)
Hence, in order to compute first the field A0 from (3.23) we take the electric field solution Eq.(3.14).
After some straightforward manipulation, we get the following expression
A0 (t,r) =
gMr
2pi
∫ 1
0
dζ K1 (ζ Mr)
[
1−ζ 2 σ
2r2
4
sinθ
[
sinθ − cos2 θ ln(ζ σr [1− sinθ ])]] ,
=
g
2pi
∫ Mr
0
dwK1 (w)
[
1+w2
[
a2 lnw−b2]] , (3.25)
where we have made a change of variables w = Mrζ and defined by simplicity
a2 =
σ 2
4M2
sinθ cos2 θ , (3.26)
b2 = σ
2
4M2
sinθ
[
sinθ + cos2 θ ln
(
M
σ
1
1− sinθ
)]
. (3.27)
The integration in (3.25) can be readily computed, and the complete expression for the gauge-invariant
field reads
A0 (t,r) =− g2pi
[(
1+2a2
)
K0 (w)|Mr0 +a2 (Mr)K1 (Mr)
+(Mr)
(
ln(Mr)a2−b2) [(Mr)K0 (Mr)+2K1 (Mr)]
]
. (3.28)
It is worth noticing the singular behaviour of K0 (w)|Mr0 on (3.28). Since the expansion of K0 (w) for
w→ 0 goes as K0 (w)∼− lnw, we thus see that the lower limit from the first term is not regular. This
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is indeed the case in the usual MCS theory, where such a term is usually disregarded. Surprisingly,
we see that the novel coefficient (VSR dependent) of this term can be chosen conveniently in such
a way that this divergence is removed. Hence, for the case when the identity for coefficient holds
1+2a2 = 0, it yields for (3.28)
A0 (t,r) =
gMr
4pi
[
K1 (Mr)+
(
ln(Mr)+2b2
)
[(Mr)K0 (Mr)+2K1 (Mr)]
]
(3.29)
Otherwise, we can conceive this choice for the coefficient as if we are taking the following value
for the VSR parameter
σ 2 =− 2m
2
2+ sinθ cos2 θ , (3.30)
where we can think that such relation holds for a fixed value of θ = sin−1 (rˆ.nˆ). In this case, it also
follows that
b2 =−1
2
[
tanθ secθ + ln
(
M
σ
1
1− sinθ
)]
. (3.31)
Besides, the missing piece to evaluate the potential V is obtained by taking the limit r → 0 in (3.29),
A0 (0) = g4pi
[
4b2 + 1
]
. Finally, under the above considerations and by collecting the results and
substituting them back into (3.24), we find for the potential the following result
VV SR =− g
2
4pi
[
(ML)K1 (ML)−1−4b2
+(ML)
(
ln(ML)+2b2
)
[(ML)K0 (ML)+2K1 (ML)]
]
. (3.32)
At last, we see that the VSR deformed expression (3.32) shows a significant departure from the
usual behaviour of the MCS theory, see Figure 2. By means of illustration, we can consider the short
distance regime of the potential (3.32), i.e. ML≪ 1, this results into the simple (confining) expression
VV SR =− g
2
2pi
[
ln(M |~x−~y|)+O (M2L2)]. (3.33)
At first sight, this simplified expression might looks exactly the same as the one obtained in
the usual MCS theory, since if we consider the short distance regime we have K0 (w) ∼ − lnw (see
(3.28) for σ = 0). However, notice two major differences: one, the VSR-modified potential (3.33) is
completely regular and finite under the condition 1+2a2 = 0, i.e., we have removed the term K0 (0);
second, the effective mass M2 = σ 2 +m2 is shifted from the usual MCS parameter m. At last, since
the VSR deformed potential (3.32) displays a confining behaviour at short distance (i.e. VV SR → ∞ as
L→ 0), it can used to describe stable bound states of particle-antiparticle pairs.
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Figure 2: The dashed correspond to the V MCS contribution, while the solid, dotted, dotdashed lines
correspond to the complete VV SR contributions, written in terms of ML with an arbitrary choice of
b2 = 1, b2 = 2 and b2 = 3, respectively.
4 Concluding remarks
In this paper we have studied a VSR inspired modification of Maxwell-Chern-Simons electrody-
namics. The analysis consisted in formulating a SIM(1)–VSR topologically electrodynamics, with
the expectation that the nonlocal effects would contribute not only as massive contributions but rather
in a significant way showing a distinct departure from the usual MCS theory.
We started with a brief construction of the SIM(1) Abelian gauge symmetry. Hence, with a
proper definition for the wiggle field strength we proposed a SIM(1)–VSR MCS theory. By adding an
electrostatic source, we have determined the VSR-modified solution for the electric field. In particular,
we showed that at short distances, although the usual MCS contribution is still singular, as r→ 0, the
VSR-effects give a finite contribution in this case.
Next, the electrostatic field energy has been computed, and was used in order to compare the
VSR contributions in face of the usual MCS result. At last, we have made use of the gauge-invariant
formalism in order to compute the static potential between opposite charges. Surprisingly, we found
that VSR-effects contribute so that the usual (MCS) singular contribution for the potential can be
suitably removed for a particular choice of the VSR parameter. Hence, in addition to its regular form,
the complete expression for the VSR modified (confining) potential shows a prominent and health
departure from the MCS theory as shown in Fig.2.
Acknowledgments
R.B. thankfully acknowledges FAPESP for support, Project No. 2011/20653-3.
12
References
[1] E. W. Kolb and M. S. Turner, “The Early Universe,” Front. Phys. 69, Addison-Wesley Publishing
(1990).
[2] S. Hossenfelder, “Minimal Length Scale Scenarios for Quantum Gravity,”
Living Rev. Rel. 16, 2 (2013), arXiv:1203.6191 [gr-qc].
[3] D. Amati, M. Ciafaloni and G. Veneziano, “Superstring collisions at planckian energies,”
Phys. Lett. B 197, 81 (1987).
[4] M. Maggiore, “A Generalized uncertainty principle in quantum gravity,”
Phys. Lett. B 304, 65 (1993), arXiv:hep-th/9301067.
[5] A. F. Ali, S. Das and E. C. Vagenas, “Discreteness of Space from the Generalized Uncertainty
Principle,” Phys. Lett. B 678, 497 (2009), arXiv:0906.5396 [hep-th].
[6] J. Collins, A. Perez, D. Sudarsky, L. Urrutia and H. Vucetich, “Lorentz invariance and
quantum gravity: an additional fine-tuning problem?,” Phys. Rev. Lett. 93 (2004) 191301,
arXiv:gr-qc/0403053.
[7] D. Mattingly, “Modern tests of Lorentz invariance,” Living Rev. Rel. 8 (2005) 5,
arXiv:gr-qc/0502097.
[8] D. Colladay and V. A. Kostelecky, “Lorentz violating extension of the standard model,”
Phys. Rev. D 58 (1998) 116002, arXiv:hep-ph/9809521.
[9] M. R. Douglas and N. Nekrasov, “Noncommutative field theory”,
Rev. Mod. Phys. 73, 977 (2001), arXiv:hep-th/0106048.
[10] G. Amelino-Camelia, “Relativity in space-times with short distance structure ...,”
Int. J. Mod. Phys. D 11, 35 (2002), arXiv:gr-qc/0012051.
[11] J. Magueijo and L. Smolin, “Lorentz invariance with an invariant energy scale,”
Phys. Rev. Lett. 88, 190403 (2002), arXiv:hep-th/0112090.
[12] A. G. Cohen and S. L. Glashow, “Very special relativity,” Phys. Rev. Lett. 97 (2006) 021601,
arXiv:hep-ph/0601236.
[13] A. G. Cohen and S. L. Glashow, “A Lorentz-Violating Origin of Neutrino Mass?,”
arXiv:hep-ph/0605036.
[14] M. M. Sheikh-Jabbari and A. Tureanu, “Realization of Cohen-Glashow Very Special Relativity
on NC Space-Time,” Phys. Rev. Lett. 101 (2008) 261601, arXiv:0806.3699 [hep-th].
[15] J. Fan, W. D. Goldberger and W. Skiba, “Spin dependent masses and Sim(2) symmetry,”
Phys. Lett. B 649 (2007) 186, arXiv:hep-ph/0611049.
[16] R. V. Maluf, J. E. G. Silva, W. T. Cruz and C. A. S. Almeida, “Dirac equation in very special
relativity for hydrogen atom,” Phys. Lett. B 738 (2014) 341, arXiv:1407.4757 [hep-th].
[17] S. Upadhyay, “Reducible Gauge Theories in Very Special Relativity,”
Eur. Phys. J. C 75 (2015) 12, 593 arXiv:1511.01063 [hep-th].
[18] E. Alvarez and R. Vidal, “Very Special (de Sitter) Relativity,” Phys. Rev. D 77 (2008) 127702,
arXiv:0803.1949 [hep-th].
[19] G. W. Gibbons, J. Gomis and C. N. Pope, “General very special relativity is Finsler geometry,”
Phys. Rev. D 76 (2007) 081701, arXiv:0707.2174 [hep-th].
[20] D. V. Ahluwalia and S. P. Horvath, “Very special relativity as relativity of dark matter: The Elko
connection,” JHEP 1011 (2010) 078, arXiv:1008.0436 [hep-ph].
[21] S. Cheon, C. Lee and S. J. Lee, “SIM(2)-invariant Modifications of Electrodynamic Theory,”
Phys. Lett. B 679 (2009) 73, arXiv:0904.2065 [hep-th].
[22] J. Alfaro and V. O. Rivelles, “Non Abelian Fields in Very Special Relativity,”
Phys. Rev. D 88 (2013) 085023, arXiv:1305.1577 [hep-th].
[23] J. Vohnka and M. Faizal, “Super-Yang-Mills Theory in SIM(1) Superspace,”
Phys. Rev. D 91 (2015) 4, 045015, arXiv:1409.6334 [hep-th].
[24] A. C. Nayak, R. K. Verma and P. Jain, “Effect of VSR invariant Chern-Simon Lagrangian on
photon polarization,” JCAP 1507 (2015) 07, 031, arXiv:1504.04921 [hep-ph].
[25] J. Vohnka and M. Faizal, “Chern-Simons Theory in SIM(1) Superspace,”
Eur. Phys. J. C 75 (2015) 12, 592 arXiv:1503.04761 [hep-th].
[26] R. Bufalo, “Born–Infeld electrodynamics in very special relativity,”
Phys. Lett. B 746 (2015) 251, arXiv:1505.02483 [hep-th].
[27] A. A. Andrianov, P. Giacconi and R. Soldati, “Lorentz and CPT violations from Chern-Simons
modifications of QED,” JHEP 0202 (2002) 030, arXiv:hep-th/0110279.
[28] A. J. Hariton and R. Lehnert, “Spacetime symmetries of the Lorentz-violating Maxwell-Chern-
Simons model,” Phys. Lett. A 367 (2007) 11, arXiv:hep-th/0612167.
[29] A. O. Barut and C. Fronsdal, “On Non-Compact Groups. II. Representations of the 2 + 1 Lorentz
Group,” Proc. R. Soc. Lond. A 287 (1965) 532.
14
[30] P. Gaete and I. Schmidt, “Remarks on screening in a gauge invariant formalism,”
Phys. Rev. D 64 (2001) 027702, arXiv:hep-th/0104055.
[31] P. Gaete, “Static potential in a topologically massive Born–Infeld theory,”
Phys. Lett. B 582 (2004) 270, arXiv:hep-th/0310055.
[32] S. Deser, R. Jackiw and S. Templeton, “Topologically Massive Gauge Theories,”
Annals Phys. 140 (1982) 372, Annals Phys. 281 (2000) 409.
[33] P. Gaete, “On gauge invariant variables in QED,” Z. Phys. C 76 (1997) 355.
[34] P. Gaete, “Remarks on gauge invariant variables and interaction energy in QED,”
Phys. Rev. D 59 (1999) 127702, arXiv:hep-th/9812245.
15
